In this paper, we estimate electricity market volatility in Turkey using various GARCH-class 
Introduction
Last few decades witnessed a major transformation of the electricity markets worldwide. There has been a global trend of liberalization and deregulation in order to provide long run competition and efficiency gains. In terms of industry characteristics electricity trade is no different than most of the other major commodity trades and for this reason it is considered as a technical oriented business 1 . However, there are some specific and unique features that makes electricity trade different from other major commodity markets. Of the most important of these features; storage technology (or lack of it), a requirement for a simultaneous matching mechanism (supply and demand should be met simultaneously at each point in time for a continuous maintenance of the system) and strong seasonality in end user demand can be listed.
The factors that affect the balancing of supply and demand play an important role in price volatility, so they also affect the spot electricity prices and particularly can create problems for price forecasting. Such factors include, power station interruption, imperfect transmission grid reliability, weather conditions changes, related commodity price changes including fuel prices 2 3 . Also with the increasing number of participants in the electricity market as suppliers and distributors with differential roles in the supply-chain, strategic interactions can also be an important factor. This makes spot electricity price volatility and understanding its dynamics critical for all participants of electricity market.
The Autoregressive Conditional Heteroscedasticity (ARCH) 4 model has been widely applied to commodity markets to capture the volatility dynamics 5 . For instance, Sadorsky 6 finds that the Worthington et al. 24 investigate the spillover of the spot electricity prices and spot electricity price volatility by focusing five regional electricity market in Australia by employing Multivariate GARCH model. They found significant volatility spillovers in all investigated markets which indicates strong ARCH and GARCH effects and a shock in one market has direct effect on the other markets price volatility. Higgs 25 examines the inter-relationship of the spot electricity prices for four regional market in Australia by employing alternative GARCH type models and correlation models. She found that univariate GARCH (1,1) model shows the presence of positive mean spillover between all four market. Knittel and Roberts 26 analyzes California Spot market by comparing forecast performance of EGARCH based models. They found high degree of persistence in the price level and some specific characteristics unique to electricity prices. Also they found inverse leverage effects.
Hadsell et. al 27 investigate volatility of wholesale electricity market for five US market over time and across markets employing TARCH model. They found negative trend in the ARCH term and significant negative asymmetry for all markets. Also they found regional properties for each markets according to persistence of volatility, seasonality and asymmetry. This paper investigates the volatility dynamics of electricity energy spot prices in Energy Exchange Istanbul (EXIST). Up to our knowledge there is no previous study that focus on the persistence of volatility and its characteristics in EXIST. In doing so, we contribute to the literature, by finding time varying volatility is an important feature of the price dynamics in Turkey. Additionally, we acknowledge that in modelling volatility in EXIST, paying attention to the extreme price changes via heavy tailed distributions is a major way to improve model fit. These findings are important since electricity price volatility can greatly influence other product price volatilities. For this reason, forecast of electricity price volatility using well-known volatility models which take possible asymmetric effects, possible mean effects of the volatility, fat-tails of the distribution and persistence of the volatility series into account, can improve market participants' strategies; for instance, in terms of hedging strategies, volatility spillover or correlations among energy markets. Also modeling and forecasting of volatility are important for the financial markets by two reasons in general; riskiness of an asset is important determinant of price and volatility is used proxy for risk and, conditional variance should be defined correctly in order to make efficient econometric forecasts based on conditional average 37 . Turkish electricity prices where the conditional variance is also time varying. As a basic rule of finance theory, the increase in volatility leads to an increase in risks, i.e. volatility is accepted as a risk indicator. Risks of different assets in the markets are compared by looking at their volatilities 39 .
In this paper, we present volatility models for weekly price of electricity in Turkey. The electricity market transformed in Turkey to adapt a competitive market from an oligopolistic state operated structure, therefore pricing is based on demand only recently. The recent change in the market structure brings modern statistical techniques to bear on analysis in a forecasting environment long dominated by predictions based on the immediate experience of industry practitioners, or prediction tools only concerned about the supply side of the market. Our approach in this paper is to estimate deterministic GARCH type volatility processes for the spot electricity price. For this reason, we tried to investigate the volatility properties of the spot electricity prices of Turkey covering 10.01.2010-21.04.2017 periods by employing weekly data including 381 observations. We employed the logarithmic difference of the electricity prices and used return rates as usual. 40 The remainder of this paper is organized as follows. Section 2 gives general information about the Turkish Electricity Market. In Section 3, a description of GARCH models employed in this paper are explained. Section 4 describes the data and general descriptive statistics. Section 5 represents the empirical results from the GARCH estimations. Section 5 concludes and discusses future research.
Turkish Electricity Market
In Turkey, electricity prices are formed at Energy Exchange Istanbul (EXIST). There exists a DayAhead Market at EXIST where the main price for the next day is determined by a matching mechanism. Actually there are two price series in a particular day. One is the spot price determined in the aforementioned Day-Ahead Market which is the series used in this paper. This price is determined via a mechanism that matches electricity demand/supply from the previous day. The other is the spot price during the day. Unlike the predetermined price from the Day-Ahead Market, this can show variability in response to unforeseen hourly mismatches during the day.
Market participants quote their bid and ask prices to the market maker (EXIST) and, a price for each hour for the following day is determined. The EXIST handle the data reporting and maintenance of the system and report hour, day, month, and year information of the transaction volume and the unique hourly prices for research purposes. There is a price for each hour of the day and therefore, 24 prices from 12:00 A.M. to 11:00 P.M. in 24 hourly increments are available. Figure 1 shows the daily prices formed from this market structure during the day. A main characteristics of the daily electricity prices can be seen immediately from Figure 1 that the prices for different hours can show substantial variation during the day. This property is not specific to EXIST but is a general characteristics of a market such as electricity since production at different periods of the day can be affected by many natural factors. The lack of an efficient storage technology also is a major characteristic of this market. This prevents the market from smoothing the prices during the day. Each day until 11:30 A.M., market participants notify the Market Operator about their dayahead market offers via a system called MMS system. The details of the market making process can be found at the Energy Exchange İstanbul (EXIST) website 41 . The accurate prediction of volatility can be vital for market participants in electricity exchange. We propose a weekly volatility estimation framework and sort out the best performing model(s) and their characteristics in this paper, so this is actually very in line with the missions of EXIST in informing market participants about the price dynamics. This will help all of the stakeholders in better forming their expectations and also will benefit Turkish commodity markets in general. Therefore, we hope that the results of the study can be benefited at large. 
GARCH Models
We employ GARCH model, GARCH in Mean model, TGARCH or GJR-GARCH model as alternative models;
GARCH (p, q) process can be represented as in equation 1; and ( 1 ) where; is the stochastic process with real value and discrete time, represents the information set with all relevant information at time t, is the series for which the volatility is going to be modelled, represents the vector of independent variables that possibly can include lag values of , and finally is the vectors of unknown parameters 42 .
We can rearrange equation (1) with lag polynomials. If, ;
Equation ( 
In equation (4), the expected excess return risk resulting from holding long-term assets is equal to the premium. The risk premium is an increasing function of the conditional variance of the return. That is, higher conditional variance leads to higher risk premiums for long-term asset holdings of individuals. Mathematically, if; is conditional variance of , the risk premium can be expressed as ( 6 ) In equation (7), is an ARCH (q) process. (7) We obtain ARCH in Mean model by combining equation (4), (6) and (7). If all three equations are merged, the ARCH-M model can be written as: ( 8 ) As can be seen from equation (8), conditional average of depends its own conditional variance.
Difference between ARCH in mean model and ARCH model is the fact that conditional variance or conditional standard deviation is included in the set of explanatory variables in the conditional mean function in the former 46 . GARCH in mean model is the generalized version of this representation where the conditional variance follows a GARCH (p, q) process instead of an ARCH (q).
Glosten et.al. 47 developed a GARCH model which takes the different effects of good and bad news on volatility into account. Therefore, the threshold GARCH model is also called GJR-GARCH.
TGARCH model proposed by Glosten et.al. 48 is presented below; (9) The only difference between TGARCH and GARCH model is the term in equation (9). function in equation (9) volatility than negative shocks or in terms of market information flow, negative news leads to more volatility than positive news.
TGARCH (1,1) model is represented in equation (10).
( 1 0 ) In equation (10), the effect of good news on conditional variance is equal to and the effect of bad news on conditional variance is equal to .
The financial time series does not usually exhibit normal distribution characteristics and usually exhibits some features such as thick tail, volatility cluster, asymmetric response and leverage effect 50 . Table 2 indicates that spot electricity price changes are not normally distributed. For this reason, in the empirical part as a common practice in the literature, we estimated alternative distributions in the specifications beside normal distribution. We estimated alternative GARCH type deterministic models and compared them according to log likelihood values. The model which maximizes log likelihood function is selected as the best fit model. The conditional heteroscedasticity of the best fit model used as proxy of volatility of Turkish electricity prices.
Data
We estimated alternative GARCH type volatility models for Turkish spot electricity prices using weekly data from EXIST covering the period from January 2010 to April 2017. The data includes 381 weekly observations. The descriptive statistics of our data used in the estimation is given in Table 2 . Average weekly change of spot electricity prices in our sample is %0.02 and median value is %-0.27. Maximum and minimum values are %50.63 and -%57.15 respectively and standard deviation is 13.79. This imply that there is high variation on spot electricity price changes. Moreover, normal distribution assumption is not valid for spot electricity price change according to Jarque-Bera test. For this reason, we consider alternative distributions such as t-distribution and GED in the empirical applications. Skewness value of -0.157 indicates that asymmetricity of the distribution might not be a concern, whereas the kurtosis value of 5.486 suggests the existence of fat tail characteristics of the distribution of the spot price changes. 
Empirical Results
The estimation of the model parameters is conducted using maximum likelihood. The comparisons therefore are based on the model likelihoods. Models with different specifications take into account the asymmetric effects, possible mean effects of the volatility and persistence of the volatility series. All of the estimated models are of the ARCH/GARCH form, meaning the conditional variance is a deterministic function. In Turkish electricity market, after the establishment of the EXIST, the volatility is aimed to be reduced. Since one of the main goals of the exchange markets in general is to decrease price uncertainty, with no exception the price variations (without foreseeable reasons) in Turkish electricity market are aimed to be minimized. In a market like electricity exchange, sudden price changes due to supply side shocks are common. The production and distribution channels are spread across different geographical locations, and also they use different technologies; some prone to system failures more than others. However, using back-up systems and secondary markets are widely used tools to regulate the price in the case of those type of supply shocks. Also less often, sometimes demand cannot be fulfilled at the sustained level of production, possibly due to weather conditions, and other irregularities. All of these factors can lead to an extreme change in price.
In the empirical application, volatility for the weekly price changes in EXIST are estimated via various GARCH models. The total number weeks under consideration in the application is 381, covering the dates from January 2010 to April 2017. As demonstrated in Table 3 , the price changes exhibit significant variation over years. For instance, 2014 is a year with extremely low volatility where almost no sudden extreme change in weekly prices is observed. On the other hand, 2015 and 2016, and to a lesser degree 2013 demonstrate some large weekly price variations. For this reason, before estimating the GARCH models for the full sample period using all available data, we first studied the underlying distributions of price series in each year. This informed us about the clustering of extreme price changes over years and therefore, we can better understand in which particular years the prices contribute more to the overall volatility. The fat tail characteristics of the distribution can be seen from the histogram of the spot price changes in Figure 3 . Both large decreases and increases in price have relatively significant share in the overall frequency. When we examine Table 3 in detail, extreme changes that are only %1 likely in a normal distribution happens 3.2% of the time in the real data. Of those changes 6 out of 12 have happened in year 2016. We can also see this from the unconditional standard deviation estimation of year 2016 as 19.9 which is more than the double the unconditional volatility of year 2014. 2015 is also a year with high volatility with an unconditional standard deviation of 15.2. Seven price changes more than 22% and 3 price changes more than 27% in absolute value happened in this year. There is also one price change over 35% in this particular year. Taking the trend over years in Table 3 , we can see a first increasing, then decreasing pattern of the weekly price series' volatility. The other characteristics we can observe from the results is the relatively higher percentage of extreme changes compared to the ones that had been realized if the price changes would follow a conditional Normal distribution. The bottom two rows of Table 3 present a comparison of the theoretical probabilities from a Normal distribution if the series would follow a conditional Normal distribution and the empirical probabilities derived from the data. The respective 10%, 5% and 1% probabilities from the Normal distribution corresponds to 11.6%, 5.2% and 3.2% in the empirical distribution. This confirms the possibility of fat tails of the distribution of spot price changes which might be overlooked by normality assumption.
overlooked by normality assumption.
Figure 3: Histogram of Weekly Price Changes
The yearly descriptive analysis basically gives us a first pass test of time varying volatility of the spot electricity prices. The evidence suggests that in modelling Turkish electricity spot prices, time varying volatility can be an important feature of the price dynamics. Additionally, in modelling volatility, paying attention to the occasional extreme price changes via heavy The yearly descriptive analysis basically gives us a first pass test of time varying volatility of the spot electricity prices. The evidence suggests that in modelling Turkish electricity spot prices, time varying volatility can be an important feature of the price dynamics. Additionally, in modelling volatility, paying attention to the occasional extreme price changes via heavy tailed distributions can improve model fit. Next we will estimate deterministic variance forms for the volatility using well-established functional forms in the literature that takes into account the aforementioned properties of the spot price changes.; i.e. persistence and heavy tails. Table 4 presents the estimation results. GARCH (2,2) with t-distribution model performs as the best model. The GARCH (1,1) model with GED distribution produces the second highest likelihood and GARCH-GJR with t-distribution model performs the third best. The loglikelihood values for these GARCH_2t, GARCH_GED and the GARCH_GJRt models in Table 4 are -1474.6, -1474.8 and -1475.7 respectively. However, the likelihood values of GARCH (2,2) with t-distribution, GARCH (1,1) with GED, and GARCH (1,1) with t-distribution are -1474.6, -1474.8 and -1475.7 respectively. Therefore, even though, out of the models in Table 4 , GARCH (2,2) performs the best in likelihood value, higher order GARCH terms are not the main driving force for the improvement, but t-distribution and GED seem to contribute more to the likelihood improvement. We can also see this by comparing the likelihood value of GARCH (1,1) model in the first row and the GARCH (2,2) specification in the second row. Likelihood improves from -1489.7 to -1486.9, however when we estimate GARCH (1,1) with t-distribution, the likelihood improves to a much higher value of -1475.7. This of course should not undermine the effect of higher order terms in modelling persistence (in which GARCH (2,2) performs better), but the point should be taken as the importance of taking into account multiple features of volatility in modelling.
The volatility in the mean equation seems not to be an important dynamic in the electricity market spot prices in Turkey. One interpretation of this can be that market participants submit their bid prices by considering their respective supply/demand conditions and subsequent equilibrium dynamics, but not the overall market uncertainty surrounding the global demand/ supply. Of course, this behavior can be rationalized by the market maker's effort to take the precautionary actions in the case of the mismatches, that is not reflected fully as a cost on the supplier side for instance. The GARCH_2 model captures the price dynamics the better even though the conditional variance is a deterministic function of the parameters and data, compared to the GARCH_1 model as mentioned before. This among other things indicates the importance of modelling persistence in the error process in the weekly electricity price changes. Also the performance of the GARCH_GJR model with a likelihood value no different than GARCH_1 model signals the weak leverage effect in modeling electricity prices. Accounting for asymmetric responses to negative and positive price changes can help improve model performance in many different markets, however estimation results suggests that electricity market is not one of those markets. Figure 4 draws the estimated volatility series (conditional standard deviation) over the weeks in the sample period. We observe heteroscedasticity in the price process where the conditional standard deviation exhibits significant persistence. All these evidence suggest the importance of modeling volatility in Turkish electricity market. Further research should study various aspects of the volatility, and the dynamics of the price process in the electricity market in Turkey to better understand the main characteristics of this important market. 
Conclusion and Future Research
In this paper, we estimate the spot electricity price volatility in Turkish Electricity Market using GARCH-type deterministic volatility models. The empirical results indicate that electricity spot price volatility can be characterized by significant persistence and fat-tails in the underlying price distribution. Therefore, we conclude that time varying volatility is an important feature of the price dynamics in Turkey. Asymmetric effects in volatility which is a major characteristic of many commodity markets seems not to be a concern for the electricity prices. In EXIST, price changes exhibit significant variation over years. For instance, 2014 is a year with extremely low volatility where almost no sudden extreme change in weekly prices is observed. On the other hand, 2015 and 2016, and to a lesser degree 2013 demonstrate some large weekly price variations. Therefore, we document that in modelling volatility in EXIST, it should be paid attention to accumulation of large price changes via thick-tailed distributions such as t-distribution and GED, and autoregressive modeling of the conditional volatility. We found that aforementioned nonnormal distributions improve model fit substantially.
These findings have important implications for both the electricity market and for the financial markets at large. It is expected that electricity price volatility can influence other product price volatilities. For this reason, daily forecast of electricity price volatility using best performing wellknown volatility models which take possible asymmetric effects, possible mean effects of the volatility, fat-tails of the distribution and persistence of the volatility series into account, can improve market participants' strategies; for instance, in terms of hedging strategy, volatility spillover or correlations among energy markets. For this reason, a new research direction might be to investigate the possible interactions and spillovers of electricity market with major commodity markets in Turkey. This research is currently a topic we investigate in a separate paper. This research, among other things will reveal the possible hedging opportunities via these markets and also will inform us better in terms of the level and change of the electricity spot price volatility in comparison to other markets. Also next research avenue can be the forecasting performance of volatility models including the stochastic volatility. To sum up, at least in this paper, we have obtained some new findings on volatility in Turkish electricity market and this possibly will lead to more studies on the topic quantitatively.
